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1. INTRODUCTI2N

HYPO71 is a computer program for determining hypocenter, magnitude and
first motion pattern of local earthquakes. It was primarily designed for
processing large amounts of earthquake data recorded at close range on a dense
network of seismographs. The present writeup is for the final version of
HYPO71, which supersedes HYPO70.

For the last year and a half, HYPO70 and earlier versions of HYPO71l were
extensively used to process earthquake data in central California. The complexity
of crustal structure has led to the introduction of crustal models with variable
first-layer thicknesses for individual stations. Modifications have also been
made to improve earthquake locations for the NCER Alaskan network, which has
station spacing of about 50 km and earthquakes with a wide range of focal
depths.

The present writeup i;'intended as a manual for HYPO71 users. Emphasis
has been placed upon how to use the program. We have greatly benefited from
Eaton's computer program HYPOLAYR (Eaton, 1969), and wish to thank Jerry Eaton,
Bob Hamilton, and Bob Page for their helpful discussions, Comments and criticisms
of HYPO71 from users are welcome so that further improvements can be made.

HYPO71 differs considerably from HYPOLAYR (and its revised version HYPOMAG)
in its scope and design. Although major results of HYPOLAYR (or HYPOMAG) could
be reproduced with HYPO71, several additional features are available in HYPO71
to streamline routine data processing. Several schemes of detecting errors in
input data are used to prevent erroneous solutions and premature termination.
Options to make first-motion plots, calculate duration magnitudes, map residual

minima and compute more realistic travel times are now available.



2. HOW TO USE HYPO71

HYPO71 was written in FORTRAN IV for IBM 360/65 or 360/67 computers, and
is listed in Appendix 1., It may be executed under the FORTRAN H or WATFIV
compilers and requires 150,000 bytes of core storage. For NCER users, a load
module of HYPO71 has been created and stored on disk at the USGS computer.
Since compilation and link-editing are not needed to execute a load module,
considerable saving in computer time is achieved (about 2 minutes per run).
In the following sections a step-by-step description of how to use the load
module of HYPO71 is presented. A listing of a test run is illustrated in

Appendix 2,

2.1 Deck Setup.
To execute the load module of HYPO71l, the following deck setup is

required:
(1) JOB card
(2) JCL cards
(3) DATA cards
(4) /* card
JOB card must be prepared according to the USGS Users' Manual. One should

normally allow 1 second computer time and 100 lines printout for each earthquake.

In addition, 5 seconds and 500 lines should be allowed for overhead.

2.2 JCL Cards.
JCL cards for executing the HYPO71 load module (stored on the USGS computer)

are 11llustrated in Appendix 2.

2.3 Data Cards.
These cards contain the input data, and are set up as follows. A quick
reference for variable names and formats of the input data is given in Figure

1. To denote a blank punch in the text, we use, .
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REVISIONS OF HYPO71

—— by
W. H. K. Lee and J. C. Lahr
National Center for Earthquake Research
U. S. Geological Survey
Menlo Park, California 94025

1. INTRODUCTION

i;HYPO?l is a computer program written by Willie Lee and John Lahr for
detexmining hypocenter, magnitude, and first motion pattern of local earthquakes.
The program was dated December 21, 1971, and a user's manual was published
as an open-file report of the U.S. Geolcgical Survey on March 30, 1972,
The present document describes revisicns of HYPO71 and replaces the interim
"2ddendum and erratum to HYPO71 manual" dared May 31, 1973.

HYPO71 was originally written to process local earthquake data
recorded by a large seismic network in central California. For the past
two years, this program has been applied to various local earthquake
data by over a dozen users. It is therefore desirable to generalize
HYPO71 for worldwide usage. In addition, a few "bugs' in HYPC71l were
discovered and corrected. These program revisions were carried out by
Willie Lee in December 1973.

Not all HYPO71 users need the new revised version of the program
because the corrections may not be necessary for their applications. In
particular, if your seismic stations are located in the northwestern
quadrant of the world, and if you do not use the azimuthal weighting op-
tion, you do not need the new version. For those users who need the revisad
HYPO71, please write to Willie Lee and specifv whether vou mneed the program
in EBCDIC punched code for IBM 360 or 370 computers or in BCD punched code
for CDC computers. -

2. PROGRAM REVISIONS

Station Locations

The original HYPO71 program assumes that the seismic stations are
located in the northwestern quadrant of the world. Therefore, the azimuthal
angles and consequently the first-motion plot will not be correct if the
seismic stations ares located in other quadrants of the world. The present
revision removes this restriction by requiring specifications of which
quadrant the seismic stations arc located. This is carried out by punch-
ing either N (for North) or S (for South) after the latitude, and by
punching either E (for East) or W (for West) after the longitude on every
station card in the station list. The details for this operation are
described in Section 3.1.

If no quadrant specifications are given, the prdgram will assume it
is the northwestern quadrant. All seismic stations must be located in the

-1 -



2.2

3.1

same quadrant. This restriction is not critical because one can always
add a constant to station longitude (or latitude allowing for a small
error) to transform all stations to the same quadrant. But one must
remember to subtract this constant from the epicenter coordinates.

Azimuthal Weighting

We are grateful to Mr. Ray Buland of University of California at San
Diego for pointing out two errors in the original HYPO71l program concera-
ing the azimuthal weighting: (1) If any S-arrivals are used in the loca-
tion, the azimuthal weighting is incorrect because the azimuths (array AZ)
are computed from 1 to NRP (total number of P-arrivals) in subroutine
OUTPUT, but indexed from 1 to NR (total number of P- and S-arrivals) in
subroutine AZWTOS. (2) If IPRN is zero (i. e., no intermediate printout
for every iteration step), then azimuthal weighting will not function at
all because OUTPUT is not called, and so azimuths are not computed.

These two errors have been corrected in the revised HYPO71 progran by
computing the azimuths (indexed from 1 to NR) in subroutine AZWTOS.

Miscellaneous Corrections

The following minor "bugs" in the original HYPO71 program have been
corrected even though they occur very infrequently:

(1) If the P-arrival of the station nearest to the earthquake epi-
center was not used in the location (i. e., has zero weight either due to
input specification or due to large residual, then DM (epicentral distance
to the nearest station) is not computed correctly. This error has been
corrected in the revised HYPO71 by computing DM to the nearest station
that has positive weight for either P- or S-arrival.

(2) If a station has zero weight for P-arrival but positive weight
for S—arrival, then GAP (largest azimuthal separation between staticas)
is not computed correctly. This error has been corrected in the revised
HYPO71 by computing GAP from all stations that have positive weight for
either P- or S-arrival.

(3) If the iteration is terminated in the first step, the original
HYPO71 program will skip an extra page when KSEL is selected to be 1 (for
starting each earthquake at a new page). This error has also been cor-
rected.. '

3. CORRECTIONS TO HYPO71 MANUAL

Corrections due to Procram Revisions

In order to specify which quadrant of the world the seismic stations are
located we need to punch either N or S after station latitude and to punch
either E or W after station longitude. Therefore, please add the following
to your HYPO71 Manual:



3.2

P. 9: between line 13 and 14, add:
Column = 14, Name = INS, Format = Al, Explanation = N for
Station north latitude; S for south latitude, Examples = N or S.
Format '
No. 1 P. 9: between line 15 and 16, add:
Column = 23, Name = IEW, Format = Al, Explanation = E for
east longitude; W for west longitude, Examples = E or W,
P. 10: between line 16 and 17, add:
Column = 14, Name = INS, Format = Al, Explanation = N for
Station ) north latitude; S for south latitude, Examples = N or S
Format )
No. 2 P. 10: between line 19 and 20, add:

Column = 24, Name = IEW, Format = Al, Explanation = E for
east longitude; W for west longitude, Example = E or W
Appendix 1 (p. 41-90) of the HYPO71 Manual is a listing of the original
HYPO71 program. This should be replaced by a listing of the revised HYPO71
program. However, it is too cumbersome to do so. Therefore, any user
wishing to have a listing of the revised HYPO71l program should request it
by writing to Willie Lee. Furthermore, Figure 1 (p. 5) should contain the
additional latitude and longitude information given above.

Corrections due to Typographical Errors

The following corrections should be made in the HYPO71 Manual (the
program itself is correct):

p. 18: 1line 4 from the bottom:
"1f the system number (KLAS)...an earthquake event' should read
"The system number (KLAS), and/or standard calibration (CALR)
for any station may be changed from time to time by inserting
a calibration card like an earthquake event."

P, 19: 1ine 7: "21" should read '22", and add the following lines:
Column = 59-62, Name = CALX, Format = F4.1,
Explanation = New station calibration value (10 uv signal in mm),
Examples = 13.2 ’

p. 38: line 5 from the bottom:
log(D) should read log(D")

p. 40: line 4 from the bottom:
"Seismol. Soc. America Bull. [in preparation].” should be
replaced by '"Open File Report, U. S. Geological Survey, 28 pp.,
1972.

4. ADDITIONAL TIPS FOR USING HYPO71

Locating local earthquakes accurately requires considerable efforts:
one must have accurate station coordinates (better than #+0.1 km if possible),



a reasonable crustal structure (from controlled explosions), and reliable

P- and S-arrivals. No computer program will give correct answers if the
input data contain errors. Therefore, one should not expect "miracles"

from poor data, and one should always check his data carefully before
feeding them to a computer program such as HYPO71l. One should also remember
that small residuals and standard errors are not sufficient to guarantee
accurate hypocenter solution.

HYPO71 is designed to catch a few obvious mistakes in the input data,
but users should not count on it to catch all their errors. HYPO71 also
provides an accessment on the quality of the hypocenter solution (p. 22)
and auxiliary information. Users are urged to study these outputs care-
fully. Finally, users should review p. 7-8 of the HYPO71 Manual concerning
the "TEST VARIABLES." Values for "TEST VARIABLES" must be carefully chosen
for a given application because they determine how the program goes about
locating the earthquakes. The standard values in the program were developed
for the large and closely spaced network of seismic stations in central
California (with over 100 stations and station separation is usually less
than 10 km).

For seismic network of less than, say, 10 or 20 stations, we would
recommend trying TEST (03) = 0.5, and TEST (06)= 1. (see p. 7 of HYPO71
Manual). In addition, the following comments may be helpful:

(1) TEST (01) should be set to a value approximately equal to the
timing accuracy of P-arrivals in seconds.

(2) TEST (02) should be set to a value approximately equal to station
spacing in kilometers.

(3) TEST (03) should be set according to the number and quality of
P- and S-arrivals. In general, we recommend a value between 0.5 to 2.
If TEST (03) = 0., a simple multiple regression is performed regardless
whether the matrix is ill-conditioned (p. 27-29). This is not desirable
because the hypocenter solution may be meaningless. On the other hand,
if TEST (03) is set to 2 or greater, then Geiger's iteration may be ter-
minated prematurely, before a good hypocenter is found.

(4) TEST (05) should be set to a value approximately equal to half
the range of focal depth expected. For example, most earthquakes have
focal depths between O and 10 km in central California. Therefore, we use
a value of 5 km for trial focal depth (p. 11), and TEST (05) = 5 km.

(5) TEST(13) should be set to a value approximately equal to the
standard error of epicenter in kilometers.

Finally, comments and criticisms of HYPO71 from users are welcome
so that further improvements can be made. Users are urged to write or

call Willie Lee (415-323-8111, Ext. 2630 hould i
oaing HYPOTL R ) should any problem occur in
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Item Maximum Remarks Page
Number
of cards

(1) Heading card 1 optional 6
(2) Reset list 13 optional 6
(3) Selection card 1 8
(4) Station list 150 9
(5) Blank card 1 to signal end of (4)

(6) Crustal model list 20 11
(7) Blank card 1 to signal end of (6)

(8) Control card 1 11
(9) Phase list 100 14
(10) Instruction card 1 ‘} repsated for each quake 16
(11) Additional instruction list optional 16
(12) Recycle card optional, see below

Previous items may be repeated by using a recycle card to be punched on

columms 2 to 4

Columns (2 to 4) Remarks
kdkedk Repeat (1) to (12) by returning to (1)
$8% Repeat (6) to (12) by returming to (6)
¢ee Repeat (8) to (12) by returning to (8)

2.3-} Heading Card. This card is optional and is used to write a heading above
each earthquake in the output. Punch HEAD in columns 1 to 4, and the heading

in columns 26 to 74.

2.3-2 Reset List. This list is optional and may contain any number of cards

up to a maximum of 13. The purpose of this list is to reset values of the



test variables used in the program. The standard values (initiated by the
program) are appropriate for earthquakes recorded by the USGS California
Network of stations. Careful consideration should be given to their definitions
and the values appropriate to a given set of data before this program is used.

An example of a reset card is:

RESETATEST(06)=O.75 starting at column 1. The subscript of the test variable
must be punched in columns 12 and 13, and the wvalue of the test variable must
be punched in F~format in columns 16 to 25. Definitions for the test variables

are given as follows:

Test Standard Definition
Variable Value
TEST(01) 0.1 sec TEST(01) is the cutoff value for RMS

below which Jeffreys' weighting of
residuals is not used.

TEST(02) 10 km For each iteration step, if the epicentral
adjustment > TEST(02), this step is re-
calculated without focal-depth adjustment.

TEST(03) 2. Critical F-value for the stepwise multiple
regression (Draper and Smith, 1966).

TEST (04) 0.05 km If the hypocentral adjustment is less
than TEST(04), Geiger's iteration is
is terminated.

TEST(05) 5. km If the focal-depth adjustment (DZ) is
greater than TEST(05), DZ is reset to
DZ / (K + 1), where K = DZ / TEST(5).

TEST(06) 4, If no significant variable is found in
the stepwise multiple regression, the
critical F-value, TEST(03), is reduced
to TEST(03)/TEST(06), and the regression
is repeated. If TEST(06) <l., then the
regression is repeated to find one variable,
and the adjustment is made only if it is
greater than TEST(06)* standard error.



Test Standard Definition

Variable Value

TEST(07) . =0.87 Coefficients for calculating the duration
magnitude (FMAG) (Lee, Benmett and Meagher,
1972):

TEST (08) 2.00 FMAG = -0.87 + 2 log(T) + 0.0035 D
where T is signal duration in sec, and D is

TEST(09) 0.0035 epicentral distance in km.

TEST(10) 100 km If the latitude or longitude adjustment
(DX or DY) is greater than TEST(10), then
DX is reset to DX/(J+l1), and DY is reset
to DY/(J+1), where J = D/TEST(10), D being
the larger of DX or DY.

TEST(11) 8. Maximum number of iterations in the hypo-
central adjustment.

TEST(12) 0.5 If the focal-depth adjustment (DZ) would
place the hypocenter in the air, then DZ
is reset to DZ = -Z * TEST(12), where Z is
the focal depth.

TEST(13) 1. km Auxiliary RMS values are optionally calculated

at ten points on a sphere of radius A/3 * TEST(13)
Eight of the ten points fall on the cormers of
a cube, with sides equal to 2 * TEST(13).

2.3-3 Selection Card. 1In HYPO71l, travel time from a trial hypocenter to a

station is calculated from a given crust model consisting of multiple horizontal
layers. Each layer is specified by a P-velocity and the depth to the top of

the layer. Additional complexity in crustal structure may be modeled in two
ways:

a) Station Delay Model. The selection card is a blank, and the station delay

is simply added to the calculated travel time for each statiom.

b) Variable First-Layer Model. The selection card has a 1 punched in Column 1.

To account for different travel paths, the station delay at a given stationm is
convérted to an equivalent first-layer thickness. This then alters the crustal
structure under this station. In other words, all stations have slightly
different crustal structure: the P-velocities are the same, but the layer

thickness of the first and second layers differ from station to station. 1In



addition, two delays may be assigned to a given station corresponding to

different earthquake source regions.

2.3-4 Station List.

punched.

For each seismograph station, a station card must be

Use Station Format No. 1 for the Station Delay Model, and Station

Format No. 2 for the Variable First-Layer Model.

Station Format No. 1 (for Station Delay Model)

Column Name Format
2 v Al
3-6 NSTA A4
7-8 LAT1 I2
9-13 LAT2 F5.2
15-17 LON1 I3
18-22 LON2 F5.2
24-27 IELV T4
29-33 DLY F5.2
38-42 FMGC F5.2
45-49 XMGC F5.2
51 KLAS 11
53-56 PRR F4.2
58-63 CALR F6.2

Explanation

If IW = *, then this station

has zero weight assigned to
its P and/or S reading(s).

Station name
Degree portion of latitude
Minute portion of latitude

Degree portion of longitude

Minute portion of longitude

Elevation in meters™
Station delay in seconds
Station correction for FMAG
Station correction for XMAG

System number is assigned
for each station so that
the frequency response
curve of the seismometer
and preamp is specified

for the amplitude magnitude
calculation (XMAG)

Standard period for XMAG

Standard calibration for
XMAG

* Elevation is not used in this program.

9

Examples
Normally blank

SBSM or AMOB

37

15.72
121

30.45

1250 or AASO

+0.20 or -0.08
+0.25 or -0.50
+0.25 or -0.50

for Wood-~-Anderson
for NCER Standard

for EV-17 & Develco
for HS-10 & Teledyme
for HS-10 & Develco
for L-4C & Develco
for L-4C & Teledyne
for L-4C replacing
HS-10 & Develco

for ten-day recorders

NOoOV UM P WO
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0.15 or blank

A10.50 or blank



Station Format No. 1 (for Station Delay Model) --Continued

Station Format No. 2 (for Variable First-Layer

Explanation

Calibration indicator: punch
1 if one always wants to use
the standard calibration;
otherwise leave it blank.

Year, month, and day

Hour and minute

Examples

1 or blank

710625 or blank

1224 or blank

Model)

Column Name Format
65 ICAL Il
71-76 NDATE I6
77-80 NHRMN T4
Column Name Format
1-4 NSTA A4

5 v Al
6-7 LAT1 I2
9-13 LAT2 F5.2
15~17 LON1 I3
19-23 LON2 F5.2
25-28 IELV 14

34 MNO 11
36-40 DLY1 F5.2
42-46- DLY2 F5.2
48-52 XMGC F5.2
54-58 FMGC F5.2

Explanation

Station name

If IW=*, then this station
has zero weight assigned

to its P or S readings.
Degree portion of latitude
Minute portion of latitude
Degree portion of longitude

Minute portion of longitude

Elevation in meters

Preferred model number.

If MNO=1 and this station

is nearest to the earthquake,
then model 1 is used.

Station delay for model 1 in

secC.

Station delay for model 2 in
sec.

Station correction for XMAG

Station correction for FMAG

10

Examples

SBSM or AMOB
Normally blank

37
15.72
121
30.45

1250 or AA50

1l or 2

+0.20 or -0.08
+0.20 or -0.08

+0.25 or -0.50

+0.25 or -0.50



Station Format No. 2 (for Variable First-Layer Model)

Column Name Format Explanation Examples
60 KLAS I2 System number (see explana-

tion in Station Format No. 1).

61-66 CALR F6.2 Standard calibration for XMAG A10.50 or blank

68 ICAL I1 Calibration indicator: punch 1 or blank
1 if the standard calibration
is to be used; otherwise leave

it blank.
71-76 NDATE 16 Year, month and day 710625 or blank
77-80 NHRMN 14 Hour and minute 1224 or blank

2.3-5 Crustal Model List. For each flat layer, a crustal model list card must

be punched as follows:

" Column Name Format : Explanation Examples
1-7 v F7.3 P-velocity in km/sec in a AA3.5AA

given layer

8-14 D F7.3 Depth in km to the top of a

AAO.OOA for the
given layer

first layer

2.3-6 Control Card. This card selects some of the options in HYPO7! and must

be punched as follows:

Column Name Format Explanation Examples
1-5 ZTR F5.0 Trial focal depth in km AAA5.
6~10 . XNEAR F5.0 Distance in km from AA50.

epicenter where the
distance weighting is 1

11-15 - XFAR F5.0 Distance in km from 200.

epicenter beyond which
the distance weighting is O

11



2.3-6 Control Card -- Continued

Column Name Format
16-20 POS F5.2
25 IQ 11
30 KMS 11
34~-35 KFM I2
40 IPUN I1
45 IMAG I1
50 IR I1

Explanation

Ratio of P-velocity to
S-velocity

Quality class of earth-
quake to be included in
the summary of residuals

Indicator to check
missing data

Minimum number of first
motion readings required
before it is plotted.
Leave it blank if no
first motion plot is
needed.

Indicator for punched
cards

Method of selecting

earthquake magnitude (MAG)

Number of new system
response curves to be
read in. Normally leave

it blank unless one wishes

to override the NCER
system response curves.
See page 54 (HYPOOS31 -
HYP00536).

12

Examples

A1.78 is recommended

1 for class A

2 for A and B

3 for A, B, and C
4 for all

0 for NOT checking
1 for checking

15 or blank

for no punched cards

for punching summary cards

for punching summary and

station cards

3 for punching summary cards
and new station list with
revised residuals

4 for punching summary cards

and new station list with

revised system number and

standard calibration.

N O

0 for MAG = XMAG

1 for MAG = FMAG
zforMAczz‘Q_’iAﬁ_iz'_F_MAE
blank



2.3 Control Card -- Continued

Column Name Format
55 IPRN I1
57 ( KTEST 11

C

0 < :
58 D KAZ Il
’ E
59 KSORT Il
60 \ KSEL I1
63-64 LAT1 12
66-70 LAT2 F5.2
72-74 LON1 I3
76-80. LON2 F5.2
Note:

Explanation

Indicator for printed
output. We recommend
IPRN = 1

If KTEST = 1, then
auxiliary RMS values are
calculated at ten points

on a sphere centered at

the hypocenter. This option
will help to determine

if the solution is at the
RMS minimum.

If KAZ = 1, then azimuthal
weighting of statioms is
applied. See page 29,

If XSORT = 1, then the
stations are sorted by
distance in the output

If XKSEL = 1, then printed
output for each earthquake
will start at a new page.

Degree portion of the trial-
hypocenter latitude

Minute portion of the trial-
hypocenter latitude

Degree portion of the trial-
hypocenter longitude

Minute portion of the trial-
hypocenter longitude

Examples

0 for final solution
and station residuals

1 for above plus one
line each per iteration

2 for above plus station
residuals per iteration

3 for above plus details
from stepwise multiple
regression

1 or blank

1 or blank

1 or blank

1 or blank

If columns 63-80 are blank, then location of the nearest station is used

as trial~hypocenter (with addition of 0.1 minute to both latitude and longitude
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to avoid  "ARCTAN (0/0)" in calculating the azimuth between

epicenter and station).

2.3-7 Phase list. For each seismographic station recording the earthquakes,
a phase list card must be punched as follows. A maximum of 100 cards is allowed

in the phase list.

14

Column Name Format Explanation Examples
1-4 MSTA A4 Station name SBSM or AMOB
5% ( Al Description of onset of I denotes impulsive
] i P-arrival or sharp
% % E denotes emergent or
{ | gradual
| |
6 | AL "P" to denote P-arrival P or blank
7 > PRMK < Al First motion direction U= Up = C = Compression
. of P-arrival D = Down = Dilatation
+ = poor U or C
- = poor D
N = Noisy
blank = Not readable
8 F1.0 Weight assigned to 0 or blank = Full
7 ~ .
P-arrival weight
1 = 3/4 weight
2 = 1/2 weight
3 = 1/4 weight
4 = No weight
10-15 KDATE 16 Year, month, and day 700105 for Jan. 5, 1970
of P-arrival
16-17 KHR 12 Hour of P-arrival 18
18-19 KMIN 12 Minute of P-arrival 32
20-24 SEC F5.2 Second of P-arrival 15.25
32-36 S F5.2 Second of S-arrival 20.10



2.3-7 Phase list. -- Continued

Column Name Format
37 { A
38 > SRMK ﬁ Al
39 3 i Al
} |
40 i F1.0
§
44=47 AMPX F4.0
48-50 PRX F3.2
. 51=54 CALP F4.1
59-62 CALX F4.1
63~65 RMK A3
66~70 DT F5.2

Explanation Examples
Description of onset of I or E or blamk
S-arrival
"S" to denote S-arrival S or blank
First motion direction U, or D, or +, or

-, or N, or blank

Weight assigned to Same as that for

S-arrival P-arrival at
Column 8

Maximum peak-to-peak A24. or AA24

amplitude in mm

Period of the maximum .15
amplitude in sec. Standard

period (PRR) for this

station as specified in

the station list will be

used if this field is

blank.

Normally not used except
as noted in next item.
Peak~to-peak amplitude of 5.4
10 uv calibration signal
in mm. If this field is
blank, then CALX = CALP,.
If again CALX is blank,
then the standard cali-
bration (CALR) for this
station as specified in
the station list will be
used. If ICAL = 1 (in
the station list for this
station), then CALX will
always be replaced by
CALR.

Remark for this phase card. Q05 or blank
Any three characters (except
CAL) may be used.

Time correction in sec. blank
Normally not used for

telemetered stations,

so leave it blank.
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2.3~7 Phase list. -- Continued

Column Name Format Explanation Examples
71-75 FMP F5.0 F-P time in sec. This 15.

is the duration time of b4

earthquake. In NCER
practice, one measures
the time between the
first P-arrival and that
where the peak-to-peak
amplitude of the seismic
trace drops below 1 cm.

2.3-8 Instruction Card. At the end of the phase list for each earthquake,

one instruction card must be punched as follows. For routine runs, one
usually chooses free solution (i.e. let the program decide what is the best

solution), so that the instruction card is simply a blank card.

Column Name Format Explanation Examples
5-8 IPRO A4 Normally IPRO = blank. If blank "
IPRO = ,%*,, additional ank or 2™
instruction card will follow
18 KNST I1 KNST = O implies do not 0, 1, 5, or 6

use S Data
KNST = 1 Use S Data
Add 5 if First motion
plot is desired

19 INST I1 INST = Q0 implies don't 0, 1, or 9
fix depth
INST = 1 fix depth
INST = 9 fix lat, lon,
and depth,
See 2.4~1 below

20~-24 ZRES F5.2 Trial focal-depth. blank
Normally this field is
left blank unless one
wishes to replace ZTR
(in the control card)
by ZRES for this earth-
quake.

2.3-9 Additional Instruction List. Additional instruction cards may be

optionally added to obtain other solutions for the same earthquake data. They

are punched as follows:
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Column Name Format Explanation

5-8 IPRO A4 If this is the last card in the
instruction list, IPRO = blank.
If more instruction cards follow,

= k%
IPRO AY %
18 KNST n )
> Same as that described in section 2.3-8.
19 ) INST I1
20-24 ZRES F5.2
28-29 LAT1 I2 Degree portion of trial-hypocenter
latitude
31-35 LAT2 F5.2 Minute portion of trial-hypocenter
latitude
37-39 LON1 I3 Degree portion of trial-hypocenter
longitude
41-45 LON2 F5.2 Minute portion of trial-hypocenter
longitude

2.4 Additional Options.

Several additional options are available in HYPO71l, and are described as

follows.

2.4-1 All Fixed Solution.

This option may be used to calculate the travel times to various stations
for a known origin time and hypocenter (e.g. nuclear explosions or quarry
blasts). This is achieved by specifying INST = 9, and an additional card must

then be punched as follows:
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Column Name Format Explanation Examples

1-5 ORG1 F5.0 Minute portion of origin time AA15.

6-10 ORG2 F5.2 Second portion of origin time 10.05

11-15 LAT1 15 Degree portion of latitude of AAA37
hypocenter.

16-20 LAT2 F5.2 Minute portion of latitude of 15.50
hypocenter.

21-25 LON1 I5 Degree portion of longitude of AA121
hypocenter.

26-30 LON2 F5.2 Minute portion of longitude of 32.45
hypocenter.

31-35 A F5.2 Focal depth of hypocenter in km AO.OO

2.4-2 Use of S-Arrivals. HYPO71 mainly uses P-arrivals to locate earthquakes.

If S-arrivals are punched, they appear in-'the output but are NOT used in the
solution of hypocenter. If one wishes to use S-arrivals in the solution, one A
must set KNST = 1 on the instruction card (2.3-8 and 2.3-9).

2.4-3 Use of S~P Intervals. If the same time base is not available for some

stations, it is still possible to include the recorded S-~P intervals in the
hypocentral solution, This is very useful when there are few available stations.
The phase cards of the S-P interval data are punched as usual (see P. 14).
However, the weight assigned to the P-arrival (column 8) must be 9, and the
weight assigned to S-arrival (columm 40) is that desired for the S-P interval.

2.4~4 Calibration Changes. If the system number (KLAS) and standard calibration

(CALR) for any station are changed from time to time, any new calibration can
be input like an earthquake event. In this case, the phase list and instruction

card are replaced by one card punched as follows:
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Column Name Format £xplanation Examples

1-4 MSTA A4 Station name SBSM or AMOB
10-15 KDATE I6 Year, month, and day of new 700215
' calibration
16-17 KHR I2 Hour of new calibration 21
18-19 _KMIN 12 Minute of new calibration 54
21 KLAS 11 New system number 1

63-65 RMK A3 Must be "CAL" CAL only

This option therefore allowsS an automatic updating of instrumental changes

so that correct magnitudes based on amplitude data will be computed.
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3. OUTPUTS OF HYPO71

Most outputs of HYPO71 are printed by the line-printer. Cards are
punched only when the data must be read back into the computer for subsequent
running of other computer programs. The printer outputs are generally self-
explanatory; the following explanations may be helpful to the users. Results

of the test run (listed in Appendix 2) is given in Appendix 3.

3.1 Iteration Output (optional).

If IPRN = 1 on the control card, a one-line output appears for each
iteration. This information shows what happened in each adjustment from the

trial hypocenter to the final hypocenter.

Heading Explanation
I Iteration step number. If a particulér

step is repeated, I is also repeated.

ORIG Origin time in sec. Date, hour and minute
are given in HYPOCENTER OUTPUT (Section 3.2).

LAT N ) Hypocenter location at Step I
LONG W & See Section 3.2 for details
Depth J
DM Epicentral distance in km to the nearest
station
RMS Root mean square error of time residuals
in sec. corrected for average P & S residual (AVRPS).
SKD For S and D explanation, see Section 3.2.

K denotes the status of the critical
F-value (CF) in the iteration step.

See Section 4 for more details.

For K = 0, CF = TEST(03)

For K = 1, CF = TEST(03)/TEST(06)

For K = 2, F~test is skiped in order to
calculate error estimates

For K = 3, On this step no variable met
the F-test entrance criterion and
termination will occur.

For K = 4, F-test is skiped, and the most
significant variable is found. This step is
taken only if the adjustment is greater than
TEST(06) times its standard error.
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3.1 1Iteration Output (optional). -- Continued

Heading Explanation
CF Critical F-value. 1Its value is controlled

by K as described above.

ADJUSTMENTS (km) Under these three columns, adjustments in
km for the latitude (DLAT),
longitude (DLON), and focal depth (DZ) from
the multiple regression analysis are given.

PARTIAL F-VALUES Under these three columns, the partial
F-values for the hypocentral adjustments
are given. Values not calculated are set
equal to -1.00.

STANDARD ERRORS Under these three columns, the standard
errors for the hypocenter adjustments are
given in km.

ADJUSTMENTS TAKEN Under these three columns, the actual

adjustments taken to reach the next trial
hypocenter are given in km.

3.2 Hypocenter Output.

Heading Example Explanation
DATE 700630 Date of earthquake: Year, month, and day.

In this case, it is June 30, 1970.

ORIGIN 1659 24.05 Origin time: hour, minute, and second
(Greenwich civil time). In this case,
it is 16 hr, 59 mn, and 24.05 sec.

LAT N 37-48.64 North latitude of epicenter in degrees and
minutes: 37° 48.64' N. . )

LONG W 121-57.59 West longitude of epicenter in degrees and
minutes: 121° 57.59' W.

DEPTH . 3.62 Focal depth in km: 3.62 km. A '*' may
follow the DEPTH to indicate a fixed focal
depth solution.

MAG 1.35 Magnitude of the earthquake. User specifies
its choice from XMAG and/or FMAG.

NO 15 Number of station readings used in locating
the earthquake. P and S arrivals for the same
station are regarded as 2 readings. If NO = 3,
a fixed depth solution is given. If NO<3, no
solution is given.
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3.2 Hypocenter Output., -- Continued

Heading

DM

GAP

ERH

ERZ

SQD

Example

110

0.09

0.4

1.2

AlB

Explanation

Epicentral distance in km to the nearest station.

Largest azimuthal separation in degrees between
stations.

Crustal model number. M is used for the Variable
First-Layer Model only.

Root mean square error of time residuals in sec.

RMS = \/z RiZ/NO , where R, is the time residual

for the ith station.

Standard error of the epicenter in km.*

ERH = VSDXZ + SDY2 , where SDX and SDY are the

standard errors in latitude and longitude,
respectively, of the epicenter. If ERH = blank,
this means that ERH cannot be computed because
of insufficient data.

Standard error of the focal depth in kmX 1f
ERZ is blank, this means that ERZ cannot be
computed either because focal depth is fixed
in the solution or because of insufficient data.

Solution quality of the hypocenter. This measure
is intended to indicate the general reliability
of the solution:

Q Epicenter Focal Depth
A Excellent good
B good fair
c fair poor
D poor poor

Q is taken as the average of QS and QD (defined
below). For example, an A and a C yield a B,
and two B's yield a B. When QS and QD are only
one level apart, the lower one is used, i.e.,
an A and a B yield a B.

QS and QD rating, In this case, QS = A, and
QD = B. QS is rated by the statistical measure
of the solution as follows:

* Statistical interpretation of standard errors involves assumptions which

may not be met in earthquake locations. Therefore the standard errors
may not represent actual error limits.
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3.2 Hypocenter Output. ~-- Continued

Heading
ADJ

AVR

AVM

SDXM

AVFM

SDFM

Example
0.0

17

0.00

0.07

1.4

0.1

1.3

0.2

Qs RMS (sec) ERH (km) ERZ (km)
A < 0.15 < 1.0 < 2.0
B < 0.30 < 2.5 <5.0
C < 0.50 < 5.0

D Others

QD is rated according to the station distribution
as follows:

QD NO GAP DMIN

A > 6 < 90° < DEPTH or 5 km

B > 6 < 135° < 2x DEPTH or 10 km
C > 6 < 180° < 50 km

D Others

Explanation

Last adjustment of hypocenter in km. Normally
this is 0 or less than 0.05.

Instruction code (KNST and INST in input)
Number of station readings available. This includes
readings which are not used in determining hypo-

center.

Average of time residuals in sec. AVR = I Ri/NO.
Normally this is O. i

Average of the absolute time residuals in sec.
AAR = ¢ lR.[ /NO.
111

Number of station readings available for computing
maximum amplitude magnitude (XMAG).

Average of XMAG of available stationms.
Standard deviation of XMAG of available stations.

Number of station readings available for computing
F-P magnitude (FMAG).

Average of FMAG of available stations.
Standard deviation of FMAG of available stations.

Number of iterations to reach the final hypocenter.
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Items from DATE to Q inclusive are repeated at the head of every first-
motion plot. If summary cards are punched, these items occupy from column 1
to 80X However, order for M, GAP, and DMIN are changed. A heading card is

punched preceding the summary cards, if IPUN > 1 on the control card.

3.3 Station OQutput.

After each hypocenter output of 2 lines, station output follows for

each station.

Heading Example Explanation

STN BOL Station name.,

DIST 1.3 Epicentral distance in km.

AZM 202 Azimuthal angle between epicenter to station

measured from north in degrees.

AIN 94 Angle of incidence measured with respect to
downward vertical.

" PRMK IPUO This is PRMK from input data.

HRMN 1659 Hour and minute of arrival time from input data.

P~-SEC 25.30 The second's portion of P-arrival time from input
data.

TPOBS 1.25 Observed P-travel time in sec. TPOBS = T + DT - ORG

where T is the P-arrival time, ORG is the origin
time, and DT is the time correction from input data.

TPCAL 1.09 Calculated travel time in sec.

DLY/H1 0.05 If the Station Delay Model is used, then DLY means
or the station delay in sec from the input station
3.12 list. If the Variable First-Layer Model

is used, then Hl means the thickness of the first-
layer in km at this station.

P-RES 0.16 Residual of P-arrival in sec. If the Station Delay
Model is used, then P-RES = TPOBS - (TPCAL + DLY).
If '**' follows P-RES, it means that in the Jeffreys'
weighting, this P-arrival is not reliable.
If the Variable First-Layer Model is used,
then P-RES = TPOBS - TPCAL,

* The punch format is given on page 60 (HYPOO744 - HYPOQ746).
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3.3 Station Output., =-- Continued

Heading Example Explanation
P-WT 1.06 Weight used in hypocenter solution for P-arrival.

This weight is a combination of quality weight

specified in the data and other selected weightings.
WI's are always normalized so that the sum is equal to N
Normalization is necessary so as to avoid distortion

in computing standard errors.

AMX 15.0 Maximum amplitude in mm from input data.

PRX 0.10 Period of maximum amplitude in sec. from input data.
If PRX is not given on the phase card, then PRR
from the corresponding station card is used in the
computation of XMAG, but is not printed here.

CALX 2.20 Calibration in mm used in computing XMAG. If CALX
is blank in the phase card, then CALR from the
corresponding station card is used and is printed
here as CALX. -

K 5 System number for the station from input data.

XMAG 1.60 Maximum amplitude magnitude computed from AMX, PRX,
CALX and K. A * follows XMAG if XMAG - AVXM > 0.5.

RMK Q05 Remark from input data.

FMP 10.0 F-P in sec from input data.

FMAG 1.02 F-~P magnitude computed from F-P and DIST. A * follows
FMAG if FMAG - AVFM > (.5.

SRMK ESAZ This is SRMK from input data.

S-SEC 26.50 The second's portion of S-arrival time from input
data.

TSOBS 2.45 Observed S-travel time in sec. TSOBS = T + DT - ORG,

where T is the S-arrival time, ORG is the origin
time, and DT is the time correction from input data.

S-RES -0.22 Residual of S-arrival in sec. If the Station Delay
Model is used, then S-RES = TSOBS - POS* (TPCAL + DLY).
If the Variable First-Layer Model is used, then
S-RES = TSOBS -~ POS*TPCAL.

S=WT 0.5 Weight used in hypocenter solution for S-arrival.
See explanation of P-WT for additional information.

DT blank Station time correction in sec. from input data. DT
is used to correct all stations to the same time base.
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If S-P interval data are used, the meanings of some of the above headings

are changed as follows.

Heading Explanation
P~-RES S-P residual in sec. It is defined by

P-RES = TSOBS - TPOBS -~ (POS - 1) (DLY + TPCAL)
for the Station Delay Model. DLY is multiplied
by zero for computing P~RES as above for the
Variable First-Layer Model.

S-RES Same as P-RES

P-WT Weight used in hypocenter solution for S-P interval
data.

S~WT Will always be #*%*%* to denote S-P interval daté.

TSOBS Observed S-P interval in sec.

3.4 Map of Auxiliary RMS Values.

This is an optional output for which KTEST is set to 1 on the Control
~Card. RMS values are computed at 10 points on a sphere centered on the final
hypocenter.. Each RMS value corresponds to an origin time which has been
corrected for the average residual of the P and S arrivals (AVRPS) given
at that point. A 3 dimensional view of the auxiliary RMS values minus the
final hypocenter RMS value is printed (DRMS). The view is looking down to

the north-west.
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4. COMPUTATIONAL PROCEDURES IN HYPO71

The program HYPO71 consists of a main program and 14 subroutines:
ANSWER, AZWTOS, BLOCK DATA, FMPLOT, INPUT1, INPUT2, MISING, OUTPUT, SINGLE,
SORT, SUMOUT, SWMREG, TRVDRV, and XFMAGS. A complete listing of the program
(with a fair amount of comments) is given in Appendix 1. Before we give some
program notes, a brief outline is given of Geiger's method (Geiger, 1912) of

determining the hypocenter of local earthquakes.

4.1 Geiger's Method.

Let the coordinates of the ith station be (xi, Yo zi), and the observed
arrival time be Ty Let ti be the computed arrival time based on a trial
solution [i.e., an assumed origin time (t), and hypocenter (x, y, z)]. If the

time residual

R, =1, - t, 1)

Ry=dt+ 1 dax+ f1ay+ Frazre (2)
- L L 1
e 3y 3z

Since the travel time and derivatives can be computed from the given
crustal model, we may'obtain the adjuétment vector (dt, dx, dy, dz) by least
squares, i.e., demanding that the error e, be such that:

z ei2 = a minimum (3)
where I denotes summation over all stations, i.e., i =1 to 1 = n. This is
accomplished by solving the following normal equations which are derived from

applying condition (3) to equation (2):
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ndt + Zaidx + Zbidy + Ic,dz = ZRi

i

2
Eaidt + Zai dx + Zaibidy + Eaicidz = ZaiRi
(4)
2 =
Zbidt + Zaibidx + L‘bi dy + Xbicidz ZbiRi
24z =
Zcidt + Zaicidx + Ebicidy + Eci dz ZciRi
where
a, = 0% ; b, = oty ; ¢, = 3ty (3
i i i~ =
9x ¥ 3z
The improved origin time and hypocenter then becomes:
t +dt, and (x + dx, y + dy, z + dz) C (6)
Now (6) may be taken as the next trial solution, and the same procedure
is repeated until some cutoff criteria are met.
In the case of S-P interval data, Ty and ti become the observed and
calculated S-P intervals respectively. Because there is no dependance on
the origin time, equation (2) becomes
R, = 2% ax + %1 dy + 2% dz + e N
i — —_— -_— i
ax dy 3z

and the normal equations (4) are modified accordingly.
Since the normal equations (4) are a set of 4 simultaneous linear
equations for four unknowns: dt, dx, dy, dz, they may be solved by the usual

method of matrix inversion. 1In practice, however, this matrix is often
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ill-conditioned, and computational difficulties arise. In HYPO71l a new
method of finding the adjustment vector is introduced. Instead of carrying
out the traditional procedure (which is equivalent to a simple multiple
regression), a step-wise multiple regression is used. Equation (2) defines
the time residual Ri as a function of dt, dx, dy, and dz. A statistical
analysis is first performed to see which independent variable should be
included in the regression and the normal equations are then set up for only
those significant variables. Therefore, the adjustment vector is obtained

by solving a matrix which is never ill-conditioned. Furthermore, convergence

to a final hypocenter solution is also more rapid.

4.2 Program Notes.

These notes serve as extended comments on HYPO71l, and are given in
the order of the program listing (see Appendix 1).
(1) MAIN: The main program controls the flow of data processing by initiali-
zations and calls to various subroutines.
(2) ANSWER: It prints the intermediate results of the regression analysis
(SWMREG) , and is used only for tracing the computation of a given earthquake.
(3) AZWTOS: It performs the azimuthal weighting of stations by quadrants.
Each occupied quadrant is given an equal weight. The quadrants are set up so
as to minimize the number of quadrants without stations.
(4) BLOCK DATA: 1Initialize values for short-distance calculation, and for
various constants used in the program.
(5) FMPLOT: Plot first-motion pattern of the lower focal hemisphere in an
equal area projection. It is modified from subroutine PPROJ (NCER PROGRAM
LIBRARY No. S007) written by M. S. Hamilton. For each observation, we have
the azimuth a, the angle of incidence 8, and a symbol SYM, where 0° < o < 360°,

0° < B < 180°, and SYM = C (or +) for compression, or D (or -) for dilatationm.

29



If 8 > 90°, we let o = 180° + a and B = 180° - B so that all points plotted
are in the lower focal hemisphere. The observation is transformed into

polar coordinates (r,8) in an equal area projection by the formulas:

r = a/2 sin(B/2)
6 =q

A symboi is plotted on the graph at the point (r,68). The symbol to be plotted
is determined by the following rules:
If SYM = C, then plot one of the following:

C If no other observation occupies the position (r,8).

B If one 'C' already occupies (r,6).

A If two or more 'C' already occupy (r,8).

X 1If at least one 'D' already occupies (r,6).
If SYM = D, then plot one of the following:

D If no other observation occupies the position (r,8).

E If one 'D' already occupies (r,8).

F If two or more 'D' already occupy (r,8).

X 1If at least one 'C' already occupies (r,8).
If SYM = + or -, it is plotted only if the position (r,0) is not occupied.
(6) INPUT 1: Read in heading card, reset test-variable list, station list,
crustal model, and control card. If any array dimension is exceeded, an
error message will be printed out and the program will then stop.
(7) 1INPUT 2: Read in phase list and instruction card. If 'CAL' is encountered
in RMK columns, system number and standard calibration are revised.
(8) MISING: This subroutine checks if any station in the station list which
should record the earthquake is missing from the input data. A '"missing"

station will be printed if its epicentral distance is less than the nearest
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station, or if it would reduce the azimuthal gap between its two neighboring
stations (EX-GAP) by not less than 30°, The latter check applies only to
a radius of 25*(MAG)2 km (100 km if MAG is not given of the final epicenter),
where MAG is the earthquake magnitude. The amount by which the missing station
would reduce the EX-GAP is given by RD-GAP.
(9) OUTPUT: See Section 3
(10) SINGLE: This routine processes one earthquake at a time, and involves
the following steps.
a. Set up a trial hypocenter: The first trial epicenter is normally
set to be the latitude and longitude of the station with the earliest
P-arrival. 0.1' is added to the latitude and longitude of the trial
epicenter to avoid difficulties in computing azimuthal angle. The
first trial focal-depth is set equal to that given in the control
card, unless specified on the instruction card. The first trial
origin~time is set so that the average residual of P and S-arrivals
is zero.
b. Geiger's adjustments: A maximum of 8 (TEST(ll)) iterations are
allowed in this DO loop to adjust the trial hypocenter to the
final one. Latitude-longitude coordinates are converted to x-y
coordinates using a short distances' calculation by Richter
(1958, p. 701-705). Epicentral distance is then computed and distance

weighting is combined with quality weighting. Other weightings (azimuthal
and Jeffreys') are also included if chosen.

Subroutine TRVDRV (see Eaton, 1969, p. 26ff for details) is called

to compute travel time and derivatives., S-arrivals are treated like
P-arrivals by multiplying the calculated P travel time by the ratio of
P-velocity/S~velocity. S-P interval data are treated analogously.

Subroutine SWMREG is called to carry out a stepwise multiple regression

of the time residuals and obtain the adjustment vector (dx, dy, dz, dt) anq
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its standard errors. If the horizontal adjustment, lvg;z + dy?,
is greater than 10 km (TEST(02)), the adjustment vector is re-computed
with fixed focal-depth. Focal-depth adjustment is restricted so

that the hypocenter will not be placed in the air (see TEST(12))

and it must also not exceed 5 km (TEST(05)) in any one adjustment.
These are accomplished by changing dz by the necessary amount, and

any modification of dz is compensated by a change in dt. If the

hypocentral adjustment, VGXZ + dy2 + dz£ , 1s less than 0.05 km
(TEST(04)), then the iteration is terminated.

During the iteration process, if the RMS value increases, then the
trial hypocenter is moved back by 1/5 of the previous adjustment,

and the iteration step-number is not incremented. This procedure

is repeated untii the RMS value decreases or for a maximum of 4 times.
The variable accounting for the largest portion of the adjustment

is then deleted in the next multiple regression step.

c. Compute error estimates: Standard errors of adjustments dx, dy, and
dz are computed by forcing subroutine SWMREG to make a simple multiple
regression analysis. These errors correspond to the uncertainties
-involved if the final hypocenter were to be adjusted in all co-ordinates
(x, ¥y, z) once more.

(11) SORT: This is a utility subroutine to sort X i=1, .. ., N by

i!
increasing value.
(12) SUMOUT: This subroutine prints a table of the number and percentage of

earthquakes in each quality class, Q, (see P. 22). It also prints a summary

of travel time, X-magnitude, and F-magnitude residuals by station.
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(13) SWMREG: This subroutine computes the Geiger adjustment vector (and
its standard errors) by a step-wise multiple regression of travel time

residuals. The method used here is that given in Draper and Smith (1966,

p. 178-195), and will be briefly summarized as follows:

Equation (2) of Section 4.1 may be written more compactly as

3

e, = Yi - Bo - jil Bij’i for i=1,...,n

If there are stations with only S-P intervals then this equation is

modified to the form:

3
e, = Yi - Xo,i B0 - .Z B, Xj,i fori=1,...,n
j=1
- where Yi = Ri
.Bo = dt; Bl = dx; B2 = dy; B3 = dz
at, . - ot . - ot
Xl,i i/9x; XZ,i i/3y; X3’i i/3z
i1 for P or S data
X = J
0,1

Lo for S-P interval data

n 2 n 3 2
let Q= e,=¢ (Y, ~-X .B - B,X, .,)
j=1 1 i=1 i o,i "o j=1 i 3.1

By minimizing the sum of the squares, Q, the maximum likelihood estimates of

B BZ’ and B, will be obtained.

o’ Bl’ 3

Setting %%— =0 yields these four equations. 1In the following 3 pages, repeated
i
indices i imply summation over i =1, . . . , n.
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3

. X ,.,B +¢ B, X X, .=X Y,
0,i 0,1 "0 =1 j To,i 3,1 o,i i

3

4,1%,1 5% +5§1 Be X %1% Y

3
+ Z

B, X, , X, , =
jop 3 72,1 %5,07 f2,1 0

x2,i xo,i Bo

3

B +I B, X

X X X Y
3,1 0,170 4=1 h|

3,0 8,0 7%, Y

We can solve the first of these four equations for Bo.

Of the n original equations let q be the number based upon S-P interval data.

Then set m = n - q.

xo,i xo,i =

- 1 0
Define V, = = ¢ X v
37w 2 e, g,
Then:
B =Y-I B,X
0 jop 33
Use this value of Bo in the other three equations. Kth equation (k may

equal 1, 2, or 3) becomes

.3 )
1%l +j§1 By K ¥,0 "B R o0 K2 7 % s
3 . )
> i Mot By T %o K By TR (7%, .
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But note that:

-~ -~

Kot " %o, 0 KD Ky g - X g X =X Ky g -X XD+

th

Koot %ot %5 K " %501 ¥4,1 K&

= %, 1%y,1 T K 4%y P eXK - mX X

The K~ equation can then be written:

3

i=1

-~

Lo =% 3 %) &y - X X By =y X R -x D

b

for k =1, 2, or 3

These are a set of 3 simultaneous linear algebraic equations in the Bj

and are known as the normal equations. They can be solved by a number of

methods. Here we choose the abbreviated Doolittle method which is a variation

of the usual Gaussian elimination. At each stage in the elimination, we

make a decision as to what variable shall next be included in the regréssion.

The computational procedure is basically applying linear transformations

to the augmented correlation matrix A:

LT T

i

R

R

-1 0 O

. Ry1 Rop Ryg Ry,
31 R32 R Ry

41 Ra2 Ra3 Ryg

0

n

0

0

0

0

1

\
0

0

7

RGP PR 2 A R Y

where - i=1

v 12 e 12 11/2

e N LI MR )
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with the understanding that

X = Y, and X4 =Y,

4,1 i

In the program, we use

n ~ ~
Sik ’iii(xj,i X %) Kyt R

-~

=X 8 TR KRty R i K K

P -~ ~

=X s K T Ko g Xy og) Ky g K ) Xy - mK X

m

and set R,, = Sjk

ik w[(sjj) (Skk)] 1/2

Matrix A is successively transformed whenever a variable (Xk) enters or leaves
the regression. Whether a variable enters (or leaves) the regression depends
only on whether the variance obtained by adding the variable to the regression
is significant (or insignificant) at a specified F-level. This is accomplished

by computing:

Fk = (% - 1) Vk/(A44 - Vk)

where ¢ is the degrees of freedom (n-l-number of variables in regression), and

Vi = At/ M

If Fk exceeds the specified critical F-value (CF), then variable Xk enters the

.
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regression by transforming the elements of matrix A in two steps. TFirst we

compute

Ty = Y3/8%%  for g=1,...,7.
Tij(i#k) = Aij - AikAkj/Akk for i=1,...,7 and j=1,...,7.

We then replace elements of matrix A by that of matrix T just computed.

Similarly to delete a variable from the regression we compute

2
Fie = O 1 (yubing 1oes)
If Fk is less than the specified critical F-value (CF), then variable Xk
leaves the regression by transforming the elements of matrix A in two steps.

First we compute

Ty = A5 8%+ 1+ for §=1,...,7.

ij 3 7B s, 1 B kv

T (PR = Ay = &) /Mo kvt

for i=1,...,7 and j=1,...,7.
Then we replace elements of matrix A by that of matrix T just computed.
After all variables are examined, we obtain the regression coefficients and

their standard errors by
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's, /s
By = Ay N 44"

) f nl
3 “ASubaal® Y A, gl
where Sjk = I (xjixki) - (Xxji) (Zxki)/n
for j’1,0.0,4 and k‘l’.l.’&.
The regression constant is then obtained by

~ 3 ~
B, = Y - jilBij.

Because all indices are dummies, they are named differently in the program.
- Furthermore, a simple extension takes into account the weighting factors
provided. that they are normalized to equal the number of observations.

(14) TRVDRV: This subroutine is a modification of TRVDRV written by J. P.
Eaton (Eaton, (1969). It computes the travel time and derivatives for a
horizontal-layer model.

(15) XFMAGS: This subroutine computes maximum amplitude magnitude (XMAG)
and F-P magnitude (FMAG) for each station. The former is computed according
to Eaton (1970). 1In brief:

XMAG = log(4/2C) - R, - By + B,logD + G

2

where A = Maximum peak-to-peak amplitude in mm.
C = Calibration peak-to-peak amplitude in mm.
ka = Frequency response of system number k and frequency f (f = 1/t , where t
is the period in sec.)
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[+~
L}

0.15

=]
L}

L for 1 km < D < 200 km
0.80 |
3.38)

» for 200 km < D < 600 km
B, = 1.50;

=]
[]

D =4/22 + Z2 , Wwhere A is the epicentral distance and Z, the
focal depth.

G = station XMAG correction.

FMAG is computed according to an empirical equation (Lee, Bennett and Meagher,

1972):

FMAG = Cl + Czlog'F + C3A + v
where

C1 = ~0.87, or TEST(07)

92 = 2,0, or TEST(08)

C3 = 0.0035, or TEST(09)

F = F~P time in sec.
A = epicentral distance in km.

Y = station FMAG correction.
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R PROGRAM: HYPOTL (DEC. 21y 1971l) ===mmm e e HYPOO0QOL

INTEGER*2 SYM HYPO0OO0?2
REAL*8 TIMELl,TIME2 HYPOOQ0U3
REAL LAT,LONsLAT2,LON2yLATEP,LONEP,MAG,LATR,LONR HYPOQO0O04
COMMON /A3/ NRES(29151)+NXM(151),NFM(151)4SR(2,151),SRSQ(2,151), HYPD0005
1 SRWT(24151) 9ySXM(151),SXMSQ(151),5FM(151),SFMSQ(151),QNQ(4) HYPOOQO6

COMMON /A5/ ITR,XNEAR,XFARyPOSs1QeKMSyKFMy IPUN9IMAG,IRyQSPA{9,40) HYPOOOO7
COMMON /A6/ NMAXy)LMAX)NSyNLyMMAX,NRyFNO9ZyX(4,101),2Z504NRP,DF({101)HYPO0O0O0S
COMMON /AT/ KPosKZKOUT,WTU1101),Y(4),SE(4)4XMEAN(4),CP{180),SP(18C)HYPO0009

COMMON /A8/ CALU101),XMAGUL1QL1)4FMAG(101) NMyAVXM,SDXM,NF,AVFM, HYPQOOGO10
1 SDFMyMAG,KDX{101)»AMX(101)4PRX(101),CALX(101),FMP(101) HyYPQO0oOolLlL
COMMON /Al12/ MSTA(101),PRMK(101),W(Ll0L),JMIN(101),P(101), HYPDO0O12
1 RMK(101)yWRK{101),TP(101),DT(101)},COSL{T701} HYPOCO13

COMMON /Al4/ MBK,MDOL,BLANKyMSTAR,DOT,STAR4;QUES,CRMK,MCENT,ISTAR HYPUOO14
COMMON /A15/ M,LysJsORGyJAVIPMIN,AZRES(101),NEAR, IDXSsLATEP,LONEP HYPIOO1S5

COMMON /A17/ TIMEL,TIME2,LATRyLONR,KTEST,KAZ,KSORT4KSELyXFN HYPOOQO16
COMMON /A19/ KNO,IELV(1S1),TEST(15),FLT(2,151),MNO(L1S51),IW(151) HYPOOO17
COMMON /A21/ KSMP(151)+FMUsONFsB{4) s IPHyKF4AVRPS, IEXIT HYPOOO18
CDHMON /A23/ AIN(IOI),RMS'ADJ SYM(IOI) HYPOOO19
e e e - — . ————————— e e o e e e s e e e e e e e HYP(O002C
Commmmm—- RESET SUME LIMITS OF EQROR HANDLING FACILITY OF IBM FORTH =====HYPO0021
CALL ERRSET(207+25641,0} HYPO0022
CALL ERRSET(20B,256,1,0) HYPQO0O023
CALL ERRSET(209,25641,0) HYPDO0O24
CALL ERRSET{251,256,1,0) HYPO0025
CALL ERRSET(255925641,0) HYPOO0Q26
L= SET UP SINE & COSINE TABLES FOR CALCULATING DISTANCES ========- HYPOOO27
DO 10 1=1,180 "~ HYP0QO28
PI=1%.0349066 . . HYPG0029
cP{I)=C0S(P1) HYPOGO3C
10 SPUI)=SIN(PI) HYPOO0031
00 20 I=1,701 HYPOOO032
20 COSL{I)=COS((I-1)*,0017453) HYP30033
30 M=0 HYP(OOO034
Coommmme INPUT STATION LIST, CRUSTAL MODEL, & CONTROL CARD -=-=———————-- HYPOOO035
40 CALL INPUT1 HYPQOG0O036
IF{IPUN .EQ. O) GO TO 44 . HYPOO0O037
WRITE(T+41) HYP30038
41 FORMAT({® DATE ORIGIN LAT N LONG W DEPTH MAG NO GAP HYPOO0O039
IDMIN RMS ERH ERZ QM*) HYPOO0040
L= INITIALIZE SUMMARY OF RESIDUALS ~=we-cemwr e e c s e HYPOOO41
44 DO 48 L=1,NS HYPO0O042
NRES(1,L)=0 HYPDOO43
NRES(2,L)=0 HYPOOO044
NXM(L) =0 HYPOO0O045
NFM(L}=0 HYPOO0OQ46
SR(1,L)=0. HYPOOO47
SR{2,L)=0. HYPU0048
SRSQ(1sL)=0. HYPOO0O049
SRSQ{2,L)=0. HYP(30050
SRWT(1l,4L)=0. HYPJOOS51
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48

55 FORMAT( ///»"*

SRWF(2,L)=0.

SXM{L)=0.

SXMSQ(L)=0.

SFM(L)=0.

SFMSQ(L)=0.

CONTINUE

D3 49 [=1,4
49 QNO(I)=0.
XFN=XFAR-XNEAR+0.000001
TIME1=0.D+00
50 CALL INPUT2

-~ TD PROCESS ONE EARTHQUAKE =
-.EQ.
«GE.

IF (M
IF (NR

1) GO TO 900

WRITE(6,55)

GO TO 50

LOO CALL SINGLE

IF {1EXIT

-EQ.

1) GO

1) GO TO 100

70 50

- - - - - —— - " - ——" o - v

*xuk% EXTRA BLANK CARD ENCOUNTERED *%%%%x?)

L--==-=—= COMPUTE SUMMARY QOF MAGNITUDE RESIDUALS --=- -

110

120

150

300

IF (JAV

«GTe.

Q)

DO 150 I=1,NRP

IF  (XMAG(I)

JI=KDX{I)

«EQ.

DXMAG=XMAG(I)-AVXM
NXM{JI)=NXM(JL)+1
SXM(JI)=SXM(JI)+DXMAG
SXMSQUJII)=SXMSQ{J1}+DXMAGH%2

IF  (FMAG(T)

JI=KDX(I)

«EQ.

OFMAG=FMAG(I)-AVFM
NFMUJI)=NFM(JI)+1
SFM(JI)=SFM(JI)+DFMAG
SFMSQUJI)=SFMSQUJT)+DFMAG**2

CONTINUE
GO TO 50
CONTINUE

-- END OF ONE DATA SET:

CALL SumpouTt

IF (MSTA{NR+1)

M=1

IF (MSTAINR+1)

M=2

IF (MSTA(NR+1)

sTOP
END

«EQ.

«EQ.

GO TO 50

MSTAR) GO

MCENT) GO

BLANK) GO TO 120

BLANK) GO TO 150

PRINT SUMMARY OF RESIDUALS & RETURN

TO 30

«EQ. MDOL) GO TO 40

TO 40
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HYPOC052
HYPGOO53
HYPOO0O0S54
HYPGO0055
HYPOOCS56
HYPOOOS7
HYPOO0OS8
HYPOOOS9
HYPOCO060
HYPOOO061
HYPQ0062
HYPOQO63
HYPOO064
HYPOO0O065
HYPOOO 66
HYPOO067
HYPOQO68
HYPOOO69
HYPQOO0070
HYPOOOT71
HYPOO0O072
HYPOO0O73
HYPOO0O74
HYPQOO75
HYPOOO76
HYPOO0O77
HYPQ0078
HYPOOOD79
HYPOQO80
HYPOOOB1
HYP(O0082
HYPDOO0B83
HYPOOQO84
HYPO0085
HYPU0O086
HYPOO0087
HYPOOOBSE
HYPO008S
HYPOO0O090
HYPOO091
HYPD0092
HYPOODO093
HYPOO0094
HYPQO0095
HYPOO0096
HYPG0097



SUBROUTINE ANSWER(AyS¢XMEAN,SIGMA,IDXyPHIsLyMyMM,PF,NDX,ADX) HYPOOO98

Commmmm— PRINT INTERMEDIATE RESULTS OF REGRESSION ANALYSIS (SWMREG) =--= HYPNO0099
REAL*8 ADX HYPOOL1GO
DIMENSION A(797)4S(4,4) HYPQOOlOlL
DIMENSION XMEAN{Ll)oSIGMA(L),IOX(1)+B(4&)4BSE(4),PF(1) HYPOO1Q2

Commmmoe= - —— e e e e e e e e - — e —————————— HYPDO103
DO 410 I=1,MM HYPOO104
WRITE(6,400) (AlIyJ)sd=l,MM) HYPOOL0%

400 FORMAT(7El18.8) HYPOO106
410 CONTINUE HYPOOL107
FVE=1.~A(MyM) HYPQOOLO8
BO=XMEAN(M) HYPOO109

450 YSE=77.7 HYPOO11l3
IF (PHI .GE. 1)} YSE=SIGMA(M)SSQRT(ABS(A{M,M)/PHI}) HYPOOI11l

DO 5 I=1l,L HYPQO112

IF (1DX(I).EQ.Q) GO TQO 5 - HYPGO113
BOIN=A(I,M)* SQRT(ABS(S(M,M)/S(I,1))) HYPOOLl1l4
BSE(I}=YSE* SQRTUIABS(A{L+M,I+M)/S(I,[)1)) HYPOO115
BO=80-8()*XMEAN(I) . HYPOOLl16

5 CONTINUE - HYPOO117
WRITE(6510) ADX,NDXsFVE,YSE,BO HYPOOL18

10 FDRMAT‘/,' VARIABLE .’ ABQ 'oooooooooooooo.o.,ls HYP00119
29 /+* FRACTION OF VARIATION EXPLAINED..',E18.8 HYPDO0120

3 /9' STANDARD FRROR OF Yeeessosoecssese'r)ELB.8 HYPOOL121

4y /+" CONSTANT IN REGRESSIUN EQUATION..'sE18.8) HYPOO122

- WRITE(6,20) HYPOQ123
220 FORMAT(/,' VARIABLE COEFFICIENT STANDARD ERROR® HYPOO124
1 PARTIAL F-VALUE?®) . HYPOOL25

DO 40 I=1,L : HYPOO0Ll26

IF (IDX{I).EQ.0) GO TO 40 HYPOO127
WRITE(6+30) [4B(I)+BSE(I),PF(I1) HYPQQ0128

30 FORMATI(I5,3E20.6) HYPQOO129
40 CONTINUE HYPOOL30
RETURN HYPGO131

END HYPOQ132
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C--=-==— AZIMUTHAL

10

20

124

125

126

127

128

130

SUBROUTINE AZWTQOS

WEIGHTING OF STATIONS BY

HYPQO133

QUADRANTS ======mmcmmmmeeeee HYPUO134

COMMON /A6/ NMAXsLMAX 9 NS o NLyMMAX o NRyFNO9Z9yX(49101)9ZSGeNRP,DF(101)HYPOOL3S
COMMON /AT7/ KPoKZ+KOUTWT(101),Y(4),SE(4)XMEAN{4),CP(180),SP(180)HYP3O136

COMMON /A10/ ANIN(101),AZ{101).TEMP(101),CA(71).CBI(TL)
COMMON /A13/ JDX(151),LDX{101)4sKEY{101)yCLASS(4)
DIMENSION TX(#),TXN(#).KTX(#) KEMP(101)

HYPOO137
HYPOO138
HYPGO139

——memccccam—————— T ————————— HYPOO140

DO 10 I=1,NR
IF (WT(I) .EQ.
J=J+1
TEMP(J)=AZI(1)
CONTINUE

CALL SORT(TEMP,KEYyJ)
GAP=TEMP(1)}+360.-TEMP(J)

IG=1

D0 20 I=2,J

DTEMP=TEMP([)-TEMP([-1)

[F (DTEMP .LE. GAP) GU TO 20
GAP=DTEMP

IG=1

CONTINUE

TX(L)=TEMP(IG)~0.5%GAP
TX{2)=TX(1)+90.

TX{3)=TX(1)+180.

TX(4)=TX(1)+270.

DO 124 I=1,4

TAN(I)=0.

IF (TX{I) oLTe Os) TX(I)=TX(1)#360.
IF (TX({I)eGT4360.) TX(I)=TX(I)=360.
CONTINUE

CALL SORT(TXyKTXy4)

00 130 I=1,NR

IF (WT(I) .EQ. 0.) GO TO
IF (AZ({1) «GT. TX(1)) GO
TAN{L)=TXN(1)+1l.
KEMP(I)=1

GO 1O 130

IF (AZ(I) .GT. TX{(2)) GO
TXN(2)=TXN(2)+1.
KEMP(I)=2

GO TO 130

IF (AZ(1) «GT. TX{(3)) GO
TXN(3)=TXN(3)+1.
KEMP(I)=3

GO TO 130

IF (AZ(I) .GT. TX(4)) GO
TXN(4)I=TXN(4)+1,
KEMP(I)=4

CONTINUE

0.) GO 1O 10

130
TO 126

TO 127

TO 128

T0 125
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HYPOOl41l
HYPOO142
HYPGO143
HYPUOLl44
HYPDO145
HYPOO146
HYPOO147
HYPJO148
HYPOO149
HYPOO150
HYPQO151
HYP(QO152
HYPOO153
HYPOO154
HYPQOO155
HYPOOL156
HYPOOL157
HYPQO158
HYPOO159
HYPOO160
HYPOO161
HYPQO16?2
HYPOO163
HYPOO164
HYPOO165
HYPOO166
HYPOOl67
HYPOQL1l68
HYPOO169
HYPOO170
HYPOO171
HYPDO172
HYPOO173
HYPOOL174
HYPQO175

HYPOOL176 -~

HYPOOL177
HYPOO178
HYPOOL 79
HYPDO18D
HYPOC181
HYPOO182
HYP0OO183



150

XN=4

IF (TXN(1).EQeOe) XN=XN-1
IF (TXN(2).EQ.0.) XN=XN-1
IF (TXN(3).EQ.0e) XN=XN-1
[F (TXN(4).EQ.0e) XN=XN-1
FJd=J/%XN

00 150 I=1,NR

IF (WT([) .EQ. 0.) GO TO 150
KIsSKEMPI(I)
WTL{TY=WT (1) %FJ/TUAN(KI])
CONTINUE

RETURN

END
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HypPOOl184
HYPOO185
HYPOOL86
HYPOOL187
HYPOOQO188
HYPDO0189
HYPOOC190
HYPOO191
HYPOO192
HYPQOO193
HYPOO194
HYPOO195
HYPOOL196



POONOWNHWEN—

POONOWN P WN -

1

BLOCK DATA

-= INITIALIZE CONSTANTS IN COMMON STATEMENTS ~==-e--——ec—ececcmaaao

HYPOOL197
HYPOO198

COMMON /A6/7 NMAX,LMAX NS oNLyMMAXyNRyFNO9Z¢X(44101),2ZSQyNRPyDF{101)HYPOOL99

COMMON /A10/ ANIN{101),AZ(101),TEMP(101)},CA(TL),CB(T])

COMMON /AL13/ JOX(151),LDX(101)+KEY{101),CLASS({4)

COMMON /Al4/ MBK,MDOLsBLANKsMSTAR,DOTySTAR4,QUES,CRMK,MCENT, ISTAR

COMMON /A22/ F(21421)9G(4421)4H(21)+DEPTH(21)+IONE

COMMON /A24/ FLTEP,IPROLISTTT.ISKP(4),AHEAD(12),FLIMyAF(3),NDEC

DATA CA/ 1.855365,1.85536991.855374,1.855383,1.855396,1.855414,
1.855434,41.855458,1.85548741.855520,41.855555,1.855595,1.855638,
1.855683,1.855733,1.,855786,1.855842+1.85590291.855966+1.856031,
1.85610091.,856173,1.856248+1.85632591.856404+1.856488,1.856573,
1.856661,1.856750,41.856843,1.856937,1.857033,1.857132,1.857231,
1.857331,1.857435,1.857538,1.857643,1.85775041.857858,1.857964,
1.85807441.858184,1.858294,1.858403,1.858512,1.858623,1.858734,
1.858842,1.858951,1.859061,1.859170,1.859276,41.859384,1.859488,
1.859592,1.859695,1.85979841.859896,41.859995,1.860094,1.860187,
1.860279+1.860369¢1.860459,1.860544,1.860627,41.860709,1.860787,
1.860861,1.860934/

DATA CB/ 1.842808,41.842813,1.842830,1.842858,1.842898,1.842950,
1.843011,1.84308591.84317041.843265,41.843372,1.843488,1.8643617,
1.843755,1.843903,1.84406291.844230,41.844408,1.844595,1.844792,
1.844998,1.845213,1.845437,1.8645668,1.845907,1.846153,41.846408,
1.84667091.846938,1.847213,1.847495,1.847781,1.848073,1.848372,
1.848673,1.848980,1.84929091.849605,1.84992241.850242,1.850565,
1.850890,1.851217,1.851543,1.851873,41.852202,1.852531,1.852860,
1.853188,1.853515,1.853842,1.854165,1.854487,1.854805,1.855122,
1.855433,1.855742,1.856045,1.856345,1.856640,1.856928,1.857212,
1.857490,1.857762,1.858025,1.858283,1.85853341.858775,1.859008,
1.859235,1.859452/

DATA MBK,DOT,MSTAR,MDOL+MCENT/? et o Tt kEEVLI 4530, v/

DATA ISTTT/' *x '/

DATA BLANK,STAR4,CLASS/? Vo tkkknl WAL, 1B, 10, 3D/,QUES/ "2/

DATA LMAX,MMAX,NMAX/2141014151/,CRMKyISTARyIONE/*CAL","%7,] W4

OATA AHEAD/' I,‘ l'! |'| "l !'l l’l .’

L} 1.8 L I | LI e _0 '/

' ’ ' ’
END
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- — -

2
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- -

- - — - . > —

SUBRQUTINE FMPLOT

- PLOT FIRST-MOTION DIRECTIONS OF THE LOWER FOCAL HEMISPHERE
IN EQUAL AREA PROJECTIONy WHERE C DENOTES COMPRESSION AND
--= D DENOTES DILATATION

INTEGER*2 GRAPH(95,59) ySYMyTEMP

INTEGER*2 BORDsBLANKPLCRyDOT4SIpA4ByCoDyENF,CDy,SNyUP
REAL LAT2,LONZ,MAG

- - - > -ty e e -

HYPOO0234
HYP(00235
HYPO0236
HYPQ0237
HYPDO0238
HYPD0239
HYPO0240

COMMON /AS5/ ZTRyXNEARsXFARyPOSsIQsKMS4KFM, IPUN,IMAG,IR,QSPA(9,40) HYPDO241
COMMON /A6/ NMAXsLMAXyNSyNL MMAXyNRsFNO9Z9G{%44101)42ZSQeNRP,DF{101)HYPO0242
COMMON /A7/ KPyKZ,KOUT»WT(101)+0(4),SE{4)4XMEAN(4)},CP(180),SP(180)HYPO0243

COMMON /A8/ CAL(101)sXMAG(101),FMAGIL10L)+NMyAVXM,SDXM,NF,AVFM,

1 SDFM,MAG,KDX(101) yAMX(101),PRX{101)+CALX(101),FMP(101)
COMMON /A10/ ANIN{(101),AZ(101),0000(101),CA{(71),CB(T71)

COMMON /All/ KDATEKHRsKMINsSEC,LAT1,LAT2,LON1,LON2,RMKL,RMK2,

1 IGAP,DMIN,RMSSQyERH,Q+QS+QDsADJSQ,y INSTyAVR, AARGNI o KNST,,JHR
COMMON /A19/ KNO.IELV(151),TEST(15),FLT{2,151),MNO(151),IW(151)
COMMON /A23/ AIN{101),RMS,ADJ,SYM(101)

DATA BORDyBLANKsPL,CR,DOT,S1/t%","
DATA AyBosCoDsEsFoCDsSNyUP/TAT 3B 4 1C 'y "DV "EL,'F 1, "X, *N','y?/
DATA NOX NOYoIXoIYeNOYLyNOX2yNOY2/95959,+39,24557,48,30/

DATA RMAX,XSCALE,YSCALE,ADD/3.93700840.101064,0.169643,4,75/

"l’..'l-l'i."lx'/

NFMR=0
NO=FNO
poO 1 [=1’NRP

IF (SYM(I) .EQ. SN)
IF (SYM(I) .EQ. BLANK) GO TO 1

IF (SYM(I) .EQ. UP) SYMI(I)=C

NFMR=NFMR+1
CONTINUE

IF (NFMR .LT. KFM) RETURN

WRITE(642)

FORMAT(1HL,' DATE
1 GAP DMIN RMS ERH
WRITE(6+45) KDATE,KHRyKMINoSEC LAT1,LAT2,LONL,LON2+RMK1,2Z¢RMK2
1yMAG,NO, IGAP,DMIN,RMS,ERH,SE(3)+QyKNO

5 FORMAT{(2X s 1691X9212¢F6e29139 7= 4F5.29149"'=?",FS5.2,A14F6.24A1
LoF6e29139149F5.19F5.292F5.191XsA1,1X,11)

DO 10 I=1,NOX

DO 10 J=1,NOY
GRAPH(I,J)=BLANK
DO 20 I=1,180
X=RMAX*CP(I1)+ADD
Y=RMAX*SP(1)+ADD
JX=X/XSCALE+1.5
JY=Y/YSCALE+.5
JY=NOY-JY-1
GRAPH(JX,JY)=BORD
IT=NOX2-1X~1
GRAPH(IT4NOY2)=CR
IT=NOX2+IX+1

ORIGIN
ERZ Q M'")

SYM{I)=BLANK

LAT N
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HYPQO0253
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HYPD0256
HYPD0257
HYPQOO0258
HYP00259
HYPQO0260
HYPOO261
HYPO0262
HYPOO0263
HYPQ0264
HYPO0265

MAG NOHYPOO0266

HYPUQ267
HYPOO0268
HYPOGC2679
HYPOO0270
HYP(QO02T1
HYPO0272
HYPOG273
HYPQC274
HYPOO275
HYPQO0276
HYPD0277 -
HYPQ0278
HYPOO0279
HYP(G0280
HYPQO0281 -
HYPQQ282
HYPOO0283
HYP0OO0Z284



31

32

1

35

37

40

43

45

47
50

61

GRAPH{IT,NOY2)=CR

IT=NOY2-1Y-1

GRAPH(NOX2,IT)=SI

[T=NOY2+1Y+1

GRAPH(NOX2,IT)=SI
DO S50 [=1,NRP

IF (SYM(]1) .EQ. BLANK) GO TO SO
IF (AIN{I) .GT. 90.) GO TO 31
ANN=AIN(I)

A2Z=A2(1)%.0174533

GO TO 32

ANN=180.-AIN(I)
AZ2Z=(180.+AZ(1))%*.0174533
R=RMAX%1.414214*SIN(ANN*,.008T7266)
X=R*SIN{AZZ)+ADD

=R%*CUS{AZ2Z)+ADD
JX=X/XSCALE+1.5
JY=Y/YSCALE+.5
JY=NOY-JY=-1

TEMP=GRAPH(JX,JY)}
OVER~-WRITE TEMP [F IT IS EQUAL TO BLANK,DQT,*,+,0R -
IF ((TEMP.EQ.BLANK)OR. (TEMP.EQ.BORD)OR.(TEMP .EQ.PL)
«OR.(TEMP.EQ.CR).OR. (TEMP.EQ.DOT)) GO TQ 47
TEMP IS OCCUPIED SO IF SYS(I)=+ 0OR -~ SKIP THIS STATION
IF ((SYM{I).EQePL)«OR.{SYM{I).EQ.CR)) GO TO 50
IF (SYM{I) .EQ. C) GO TO 40

IF (GRAPH{JX,JY) «NE. D) GO TQO 35
GRAPH{JX,JY)=E
GO 10 S50

IF {(GRAPH(JX,JY) .NE. E) GO TO 137
GRAPH(JX,JY)=F
GO TO 50

IF (GRAPHUJX,JY) .EQ. F) GO TO 50
GRAPH(JUX,JY)=CD
GO TO SO

IF (GRAPH({UX,JY) «NE. C) GO TO 43
GRAPH(JUX,4Y)=8
GU TC S0

[F {GRAPH({JUX,JY) .NE. B) GO TO 45
GRAPH(JX,JY)=A
GO TO 50

IF (GRAPH{JX,JY) .EQ. A) GO TD S0
GRAPH(JX,JdY)=CD
GO TJ 50
GRAPH{JX,JY)=SYM(I)
CONTINUE
GRAPH{NOX2,NQOY2)=BORD
WRITE(6,61)
FORMAT{1HO,67Xs'0")
DO 80 I=3,N0OY1

IF {1 .EQ .NOY2) GO TD 70
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HYPOO314
HYPO0315
HYPOO316
HYPOO317
HYPOO318
HYPOO319
HYPQOO0320
HYPQ0321
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HYPOO0327
HYPU0328 -
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HYPOO330
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HYPUO033¢
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WRITE(6465) (GRAPH(J,1)yJ=1,N0OX)
FORMAT(1H ,20X,95Al1)

GO TO 80

WRITE(6475) (GRAPH{Js1)4J=14NOX)
FORMAT(1H +16X,'270 *,495AL,* 90°')
CONTINUE

WRITE(6,485)

FORMAT(67X,%180")

RETURN

END
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SUBROUTINE INPUT1

HYPOO0346

Cmmmmmm— INPUT STATION LIST,CRUSTAL MUDEL,AND CONTROL CARD =====—meemeae HYPOO0347
INTEGER HEAD/YHEAD'/ HYPDO348
REAL#8 TIME1,TIME2 HYPDO0349
REAL LAT,LON,LAT2,LON2,LATR,LONR HYPG0350
CUMMON /A1/ NSTA(151),DLY(2,151),FMGC(151),XMGC(151),KLAS(151), HYPOO3S1

PRR{151),CALR(151),ICAL(151),IS(151),NDATE{151) ,NHRMN(151) HYPQ0352
COMMON /A2/ LAT(151),LON{151),DELTA(101),DX(101),0Y(101),T(101) HYPDO353
COMMON /A5/ ZTR4XNEAR,XFAR,PUS,10,KMS,KFM, [PUN, IMAG,IR,QSPA(9,40) HYPOO354
COMMON /A6/ NMAX,LMAXyNSoNLyMMAX 4NRoFNO,ZsX(44101),25Q,NRP4DF{101)HYPOO355
COMMON /Al4/ MBK,MDOL¢BLANK,MSTAR,DOT,STARGsQUESsCRMK,MCENT, ISTAR HYPOO356
COMMON /A15/ MyLsJs0ORGyJAV,PMIN,AZRES(101)4NEAR, [DXSyLATEP,LONEP HYP0O0357
COMMON /A16/ KLSS(151),CALS(151),MDATE(151),MHRMN{151),IPRN,ISW  HYPOO358
COMMON /A17/ TIMELl,TIME2,LATR,LONRKTEST,KAZ,KSORT ,KSEL,XFN HYP00359
COMMON /A19/ KNO, [ELV(151),TEST(15)4FLT(2,151),MNO(151),IW(151) HYPOO0360
COMMIN /A207 V(21),D(21),¥SQ(21),THK(21),TIN(21,21),0ID(21,21) HYPOO361
COMMON /A22/ FU21,21),G{4,21)4H(21),DEPTH(21), [ONE HYPO0362
COMMON /A24/ FLTEP,IPRO,ISTTT,ISKP(4),AHEAD(12),FLIM,AF(3),NDEC HYPO0363
DIMENSION BHEAD(12), ATEST(15) HYP0O364

T —————————————— ————————— - HYPOO365
DO 350 [=1,15 HYPOO366
ATEST(I) = 1.23456 HYPDO0367

350 CONTINUE HYPO0368
WRITE(64+300) “HYPDO0369

300 FORMAT(1H1) HYPUO0370
IF (M-1) 1,100,200 HYPOO371
Commmm——m INITIALIZE TEST VARIABLES ~====w== ———————— - -==~HYP0O0372
1 TEST(1)=0.10 HYPOO373
TEST(2)=10. HYPOO374
TEST(3)=2. HYPU0375
TEST(4)=0.05 HYPOO376
TEST(5)=5. HYPOO377
TEST(6)= 4. HYP0O0378
TEST(7)=-0.87 HYPOO0379
TEST(8)=+2.00 HYPO0380
TEST(9)=+0.0035 HYP0O381
TEST(10)=100. HYPOG382
TEST(11)=8.0 HYPO0383
TEST(12)=0.5 HYPDO0384
TEST(13)= 1. HYPOO0385
IFLAG=0 HYPDO386

Cmmmommm INPUT RESET TEST-VARIABLE CARDS AND SELECTION CARD ==—-=mm—e——e HYP00387
DO 5 I=1,16 HYPDO0388
READ(5,4) ISWeJs, TESTJ,BHEAD HYPO0389 -

4 FORMAT(A4,T12, [2,T16+F9.4,y12A%) HYPO0390

11 IF ((ISW.EQ.MBK).OR.(ISW.EQ.IONE)) GO TO 6 HYPDO0391
IF(ISW .NE. HEAD) GO TO 12 HYPQ0392
00 13 I1=1,12 HYPO0393-
AHEAD(II)= BHEAD(II) HYP0O0394

13 CONTINUE HYPO0395
GO TO 5 HYPDO0396

51



IFLAG=1

ATEST(J)=TESTJ

CONTINUE

WRITE(64914) AHEAD

FORMAT(40X,12A4)

WRITE{6,2)

FORMAT(///+* *%ssxkxskx PROGRAM:
1, /1/77+13X,*TEST(1) TEST(2)
2) TEST(T) TESTi{8) TEST(9) TEST(10)

WRITE(693) (TESTI(I)eI=1,13)

FORMAT(®* STANDARD ',13F9%.4)

IF (IFLAG .EQ. O) GO TO 8

D0 16 1 1,15

IF(ATEST{I) .NE.

CONTINUE

WRITE(6,7) (TEST(I)yI=1,13)

FORMAT (Y RESET 7O *',13F9%.4)

SQUARE SOME TEST-VARIABLES FOR LATER USE
TESTUL1)=TEST(1)=**2
TEST{2)=TEST{2)%*2
TEST{4)=TEST(4)**2
INPUT STATION LIST =—e——c=ce===e -
IF (ISW .EQ. IONE) GO TO 10 .
KNO=1
WRITE(6+9)
9 FORMAT(/,4X,'L
1,*FMGC XMGC KL
GO 1O 20
10 WRITE(6,15)
15 FORMAT(/.4X,L STN LAT N LONG W
1' XMGC FMGC KL CALR IC DATE HRMN')
20 DO 50 L=1,NMAX :
IF (ISW .EQ. IONE) GO TO 30
READ(S5,25) IW(L) NSTA{L), LAT1,LAT2,LON1,LON2,IELV(L),DLY(1,L)
19FMGC(L) o XMGC (L) ¢yKLAS(L) yPRR(L),CALR(L),ICAL(L) NDATE(L) NHRMN{L)
25 FORMAT(LIX9Al9)ALeI129F5.291X9139F54291X9l4sF6.214X3F5.292X9sFS5.241X
Lo lloFS5e29FT7a291X91195Xy16,14)
IF {(NSTA(L) .EQ. MBK) GO TO 60
WRITE(6,26) LoIW(L) NSTA(L),LAT1,LAT2,LONL,LON2,JELV(L),DLY(l,L)
1sFMGC (L) +XMGC (L) +KLAS(L)PRR{L)yCALRI(L),ICAL(L ) NDATE(L) NHRMNI(L)
26 FORMAT(ISy3X ALl 9A40129F5.291X0139F5.291X9149F6e234X9F54292X4F5.2
L1olXsl1gF5429F7e2:1X911,5X,16,141}
G3 TD 4C
30 READ(54935) NSTA(L) »IWCL)LATL LAT2,LONL,LON2,IELVIL)MNGI(L)
1oDLY{(1,L) DLY{2,4L) XMGC{L),FMGC(L),KLAS{L),CALR(L),ICAL(L)
2y NDATE(L )4 NHRMN(L)
35 FORMAT(AG ALy L1291 XsF54291X9 139 1XsF5.291%X914,5%,11
194F 6.2 1X9[1eF6e291Xs1192X016414)

IF (NSTA(L) .EQ. MBK) GO TO 60

WRITE(6936) LyNSTA(L)yIW{L) LATL,LAT2,LONL,LON2,IELV(L)}MNO{L)
1oDLYCLoL ) DLY(29L) o XMGC{L) o FMGC(L) ,KLAS{L),CALRI{L), ICAL(L)

HYPOT1 (DEC. 21, 1971) #xskkxss&s
TEST(3) TEST(4) TEST(S) TEST(6
TEST(Ll1) TEST(12) TEST{13)")

3

1.23456) TVEST(I)=ATEST(I)

- - - s A - - - - -

STN LAT N
PRR CALR IC

LONG wW'y* ELV DELAY®*,5X
DATE HRMN®)

ELV M DLYL DLy2*,
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2yNDATE{L) o NHRMNI(L)

36 FORMATI(IS12XsA4 ALl s 241X oFS5e291XsI301XeF54291Xy14,45%X,11

40

125

130
135

140

Le4Fba2¢1XeI1eF6.2s1XelLly2X016414)

PRR{L)=0.
LAT(L)=60.%LATL+LAT2
LON{L)=60. *LONL+LON2
MDATE{L)=NDATE(L)
MHRMN (L) =NHRMN(L)
KLSS(L)=KLAS(L)
CALS(L)=CALR{L)
CONTINUE

WRITE(6,455)

FORMAT(///4,* **%%x%x ERROR: STATION LIST EXCEEDS ARRAY DIMENSION')

sTopP
NS=L-1

-— INPUT CRUSTAL MODEL ---
WRITE{(6,4105)
FORMAT(//7/7+TXy*CRUSTAL MODEL 1'4/4+5X,*VELOCITY
DO 130 L=1,LMAX

READ(5,115) VL) ,D(L)

FORMAT(2F7.3)

IF (V(L) .LT. 0.01) GO TO 1490

WRITE(6,4125) V(L),D(L)

FORMAT(3X,2F10.3)

DEPTH(L)=0(L)

VSQ(L)=VIL)**x2

CONTINUE

WRITE(6+135)

FORMAT(///,* *%x%xx ERROR: CRUSTAL MOOEL EXCEEDS ARRAY DIMENSIONY)

SToP
NL=L-1
Nl=NL-1

C==~===LAYER THICKNESS THK,F & G TERMS

145

[

150

DO 145 L=1,N1

THK(L)=D(L+1)-D(L)

H{L)=THK(L)

COMPUTE TID AND DID

DO 150 J=1,yNL
G(1lyJ)=SQRT(ABS(VSQ{JI=VSQ(1))})/(V(1)%V{J))
G(2,J)=SQRTIABS({VSQUJI=-VSQI2))1)/{VI2)*ViJ))
G(3,J)=VI{1)/SQRT(ABSIVSQUJ)=-VSQ(1))+0.000001)
G(4,4)=V(2)/SQRT(ABS(VSQ(J)-VSQ(2))+0.000001)
IF (J .LE. 1) G(lyJ)=0.

IF (J .LE. 2) G(2Z2,4)=0.

IF (J +LE. 1) G(3,J)=0.

IF (J .LE. 2) G{4,4)=0.

DO 150 L=1,NL

FlLyJ)=1.

IF {L «GE. J) F(Lsd)=2.

CONTINUE

DO 165 J=1,4NL
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165

00 165 M=1,NL

TID(JoM)=0.

DID(JsM)=0.

DO 170 J=1.NL

DO 170 M=J.NL

IF (M (EQ. 1) GO TO 170
Ml=M-1

DO 160 L=1,M1
SQT=SQRT{VSQ(M)-VSQ(L))
TIM=THK(L)}*SQT/{V(L)*V(M))
DIM=THK(L)*V(L)/SQT
TIDUJsMI=TID(JsMI+F (L4 JI*TIM
DID(JeM)=DIDIJeMI+F(L,J)*DIM
CONTINUE

IF (ISW .NE. IONE) GO TO 200
VARIABLE FIRST LAYER
VC=v(1)*V{2)/SQRT{VSQ{2)-vSQ(Ll})
DO 180 I=1,NS
FLT(l,I)=0DLY(1l,1)*VC+DI(2)
FLT(2,1)=DLY{(2,1)*VC+D(2)

Commmmmm INPUT CONTROL CARD ===w=———mme - -

215

225

235
240

W<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>